Background: Kyphoplasty (KP) and vertebroplasty (VP) 
Introduction
The skeletal system is the third most common site of metastases following the lung and liver, while breast, prostate, lung, bladder, and thyroid cancers show a predilection for bone involvement.
1,2 Spine involvement leads to painful vertebral compression fractures (VCFs), epidural cord compression, or both. [3] [4] [5] Vertebral augmentation procedures (VAPs) include kyphoplasty (KP) or vertebroplasty (VP), and have been employed in the treatment of those fractures in the setting of osteoporotic 6 or neoplastic disease. 7 Apart from nonrandomized trials, highlevel evidence exists from the multicenter, randomized Cancer Patient Fracture Evaluation (CAFE) study of patients with malignant fractures being treated with KP (Table 1) . [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] In this review, we aim to investigate the indications, contraindications, outcomes, and complications of VAPs, the relative superiority of KP compared with VP, technical issues, and the relation of VAPs with radiotherapy (RT) and other treatment modalities.
Indications
In cases of epidural spinal cord compression or vertebral fractures that require stabilization and open surgery, the estimated survival rate plays a critical role in the decision-making process; patients expected to live fewer than 6 months are not generally considered open surgical candidates. [25] [26] [27] Various scores have been developed for estimating rates of patient survivorship, with those proposed by Tomita et al 26 and Tokuhashi et al 27 being the most commonly used, although the judgment of the health care professional is often the most accurate predictor. 28 However, in the case of VAPs, the expected survivorship rate does not dictate treatment options. If overt instability does not exist (the Spinal Instability Neoplastic Score is used to determine spinal stability 29 ), KP/VP may be performed for pain control. The most important criteria are 7, 12 : • The intensity of pain must be at least a 4 out of 10 (on a 0 to 10 pain scale).
• Clinical examination should correspond with imaging studies (ie, exclude other pain generators unrelated to the fracture).
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• Edema must be seen on the involved vertebrae on magnetic resonance imaging (MRI; short T1 inversion recovery images). If MRI cannot be performed, then the bone scan must be positive, indicating a recent neoplastic process. 9, 10, 12, 16 However, as discussed further below, good results have been obtained in subacute or chronic fractures; therefore, in carefully selected cases, VAPs are still valuable regardless of status on MRI. 30 Although kyphotic deformity may be partially restored with KP, 8, 9, 12, 13, 17, 18, 24 this is not considered a primary indication per se, either in osteoporotic-or cancer-related fractures. Particularly in patients with cancer, kyphosis reduction is frequently without significant clinical implications, because a long-term survival rate is not anticipated, and pain reduction, early mobilization, and an improvement in quality of life are the goals of treatment. Table 2 summarizes absolute and relative contraindications. 12 Overt instability and cord compression with neurological symptoms are the most established contraindications. In such cases, vertebral augmentation can be combined with laminectomy, with or without instrumentation. 31 Radiographic cord compression is considered by many to be a relative contraindication (without myelopathy), 9, 32, 33 and our approach is to perform VAPs under neuromonitoring or local anesthesia with an anterior delivery of cement. 9 The same is true for upper thoracic or cervical spine locations.
Contraindications

9,34,35
Adverse Events
Pain relief of approximately 4 to 5 points on a visual analog scale has been described in previous studies and should be anticipated in properly selected patients. 6, 10, 14, 17, 24, 36, 37 The best results are seen with acute or hyperacute fractures 6, 24 ; however, satisfactory results have also been reported in patients with older fractures. 24 The initial hypothesis for the possible mechanism of pain resolution was that polymethyl methacrylate (PMMA) polymerization causes an exothermic reaction, thus inducing ablation of intraosseous nerve endings and pain fibers or direct toxicity from the monomer. [38] [39] [40] [41] However, other studies refuted this notion because minimal osteonecrosis has been seen, 42, 43 no evidence exists of intraosseous neural tissue necrosis, 43 and similar results have been replicated following an injection of calcium phosphate cement, which crystallizes at body temperature. 44 It is more likely that the cement acts as a means of internal fixation, either in the form of a solid, hard ball (KP) or interdigitation in the bony trabeculae (VP). 42 Mechanical stability may prevent pain fiber irritation in the periosteum, bone marrow, and the haversian system. 44 Height restoration up to 34% to 38% of preoperative values and sagittal alignment improvement of 3 to 7.6 degrees have both been described. 8, 9, [11] [12] [13] [16] [17] [18] 24 These changes have established beneficial effects, including reducing flexion moments of affected vertebrae, encouraging upright posture, and reducing subsequent fractures. 45, 46 Adjacent/subsequent fractures may occur, 18,24 but the incidence is similar 24 or reduced compared with conservative management. 6, 13, 36, 47 Leakage of cement into the disk space, [48] [49] [50] osteoporosis, and the magnitude of corrected sagittal alignment predisposes the patient to adjacent fractures, 47, 49, 50 which can be addressed by performing prophylactic VP/KP. 51, 52 Numerous complications have been noted in the literature, with fatal penetration of vital structures (eg, lungs, pericardium, aorta), and PMMA has been found throughout the human body, including in segmental arteries, the foot (dorsalis pedis artery), heart, and lungs. [53] [54] [55] [56] [57] However, the rate of serious complications is low, with the most common complication being asymptomatic PMMA extravasation, which, in general, occurs less frequently in KP than VP. 6, 9, 12, 18 
KP vs VP
Controversy exists regarding the value of VP after Buchbinder et al 58 and Kallmes et al 59 showed no benefit of VP over a sham procedure, leading the American Academy of Orthopaedic Surgeons to advise against the use of VP. 60 Within the setting of cancer, 1 small study by Köse et al 15 revealed an advantage of KP over VP in pain control; overall, however, the authors considered both procedures successful. The randomized CAFE trial strongly favored KP over nonsurgical management. 24 Because no level 1 or 2 studies exist for VP, a safe profile has been proven with KP (ie, a low incidence of PMMA extravasation), and more potential exists for kyphosis restoration with KP, we favor KP over VP, particularly in cases of vertebra plana. 7, 15 However, VP may be performed in patients with nonindex fractures or nondeformed vertebrae; it may also be considered to reduce implant cost, particularly with ultra-high viscosity cements.
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Technical Considerations
Bilateral vs Unilateral Procedures
Traditionally, KP and VP have been performed with bilateral pedicle cannulation 63 ; however, surgeons now use extrapedicular approaches, 34, 64, 65 allowing the procedure to be unilaterally performed. Growing evidence suggests that the unilateral and bilateral approaches are equivalent whenever the former is technically feasible in terms of pain control or kyphotic reduction. 17, [66] [67] [68] For patients with cancer-related fractures in whom pain relief is the main goal and multiple levels have been augmented, we recommend unilateral VAPs as the gold standard because they reduce operative time and radiation exposure. MRI may determine which levels are amenable for unilateral cannulation. 17 A role still exists for bilateral VAPs, including when the unilateral approach appears hazardous from preoperative planning, when central placement of the balloon cannot be accomplished, or in cases of severely crushed vertebrae in which the lateral pillars of the vertebrae are better preserved than the middle portion.
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Technical Advances Ultra-high viscosity cements and special cement delivery instruments allow for slow and uniform PMMA filling, thus reducing the rate of cement extravasation. 61, 62 Curved curettes allow the procedures to be unilaterally performed. 18, 62 Novel devices utilized for cavity creation, rather than the traditional balloons, show promising results. 18, 61, 62, 69 Levels and Cement Three to 4 levels may be augmented without a significant increase in the operative time or morbidity rate. 12, 17 In addition to the index fracture, prophylactic augmentation may be performed in "sandwich" vertebrae (ie, when both adjacent vertebrae have been augmented), if PMMA extravasation occurs in the disk space, or in tumor-infiltrated, nondeformed vertebrae to prevent future fracture. 7, 51, 52 The optimal amount of cement has not been established. Biomechanical and clinical studies suggest that smaller PMMA volumes may suffice to restore body stiffness and strength and achieve good clinical results. 70, 71 However, other authors propose a larger amount of cement filling for better biomechanical behavior, 72, 73 and growing evidence suggests that larger cement volumes yield superior outcomes. For example, Roder et al 74 found that the most important predictor for pain alleviation was cement volume following a dose-dependent pattern. Recent studies report that cement volume is of the utmost importance for correcting deformities and maintaining vertebral height. 75, 76 We share the same experience and try to achieve maximum filling in a safe manner, particularly when the anterior column is substantially compromised, if concomitant percutaneous screw fixation is performed, 77 or VAPs are performed in combination with laminectomy (without instrumentation), leading to loss of the posterior tension band and further instability.
Biopsy
Biopsy should be routinely performed because it does not add to the morbidity or procedure length; moreover, biopsy can reveal information that can help dictate future treatment, such as confirming the presence of metastasis or revealing a new neoplasm. 7, 78 VAP vs RT VAP and RT modalities are complementary. RT destroys tumor cells but also has known detrimental effects on bone cell biology, 79, 80 leading to higher incidences of vertebral fractures (≤ 40% in radiosurgical cases). 81, 82 VAPs strengthen the vertebral body and ameliorate this effect of radiation while also exerting pain control. 7, 46 The therapeutic sequence has not been determined from previous studies and does not affect pain palliation 23 ; therefore, its use should be determined on an individualized basis. 7 Kasperk et al 13 conducted the only retrospective study to date comparing RT with KP in a cohort of patients with multiple myeloma. They found that KP was superior to RT in terms of pain and disability improvement, new fractures, and vertebral height restoration.
Combining VAPs and Other Modalities
VAPs can be combined with other treatment modalities. Conventional RT has been the cornerstone of therapy for alleviating pain and preventing local disease progression. With the advent of stereotactic radiosurgery, the spinal cord may be spared from unnecessary irradiation.
CyberKnife (Accuray, Sunnyvale, California) is a safe and effective salvage therapy in patients who have received RT, with some authors suggesting that it may be combined with KP as a treatment paradigm. 83, 84 Radiofrequency ablation has been coupled with KP for the treatment of pathological spinal fractures. To reduce pain, radiofrequency destroys the tumor cells and the sensory nerve fibers in the periosteum.
By contrast, PMMA has a toxic effect on neoplastic cells due to the monomer toxicity and the exothermal reaction from the polymerization process. Studies have reported an improvement in visual analog scale and Oswestry Disability Index scores after combining KP with ablation over a single augmentation. 85 Cryotherapy is a tumoricidal method that may be used in conjunction with VAPs if a probe-based cryosurgical system is available. 86 In cases in which gross instability is present and KP or VP alone is deemed insufficient from a biomechanical standpoint, percutaneous screw fixation can offer further stability. 77 
Conclusions
In cases of painful malignant fractures, unilateral kyphoplasty should be employed, whenever feasible, if overt instability or myelopathy does not exist. It is complementary with radiotherapy and may be combined with other modalities, such as ablation, cryosurgery, and percutaneous screws. The technological advances in hardware, delivery systems, and biomaterials, as well as combining kyphoplasty with other modalities, will help ensure a safe and more effective procedure.
